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Abstract

Aristida stricta (wiregrass),a perennialbunchgrass,
quickly accumulatesdeadleaves,which along with
the shed needlesof Pinus palustris (longleaf pine)
provide the fuel for frequentsurfacefires. Thus,his-
torically, wiregrassplayedakeyrole inmanylongleaf
communitieswhere it significantly influenced the
naturalfire regimeandtherebythecompositionof the
plant community. Reestablishmentof wiregrassis,
therefore,critical to restoringthenativeunderstoryof
Atlantic CoastalPlain longleafpineecosystems.This
studymeasuredthe effectsof differentsite prepara-
tions andfertilizer applicationon the survival and
growth of.wiregrassseedlings.Two-month--oldseed-
lings were underplantedin existing longleaf pine
standson dry Lakelandsoils at the SavannahRiver
Sitein SouthCarolina.Survivalwasacceptableat51%
after four years,althoughreducedowing to drought
andsmall seedlingsize. Survival and growth could
bothbe increasedby usingolder seedlingswith an
initial height of at least6 cm. Wiregrassleavesgrew
quite rapidly andattainedan averagelengthof 48 cm
in four yearson control plots. Basalareagrowth rate
was greaterthanexpected,averaging40% on control
treatmentsand55% on cultivatedandfertilized plots.
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If growthratesduringthe first four seasonscontinue,
wiregrasswill attain mature size on cultivated and
fertilized plots at six years,while non-fertilizedcon-
trol plotswill takeeightyears.A plantingdensityof
oneseedlingperm2 is recommendedto providesuffi-
cientwiregrassfoliar coverto influencefire regimes
inareasonablelengthof time(i.e.,5—7years).

Introduction

A ristida stricta (wiregrass)wasonceamajorunder-
story speciesin naturalstandsdominatedby Pi-

nus palustris (longleaf pine) on the Atlantic Coastal
Plain (Abrahamson& Hartnett1990; Myers 1990; Stout
& Marion 1993). Thesepine wiregrasscommunities
coveredapproximately10 million ha from North Caro-
lina to Florida(SouthernSection,Societyof RangeMan-
agement1974).Prior to fragmentationof thelandscape,
fire wasa frequentnaturaloccurrence(every 2—8 years)
acrossmuchof the wiregrassrange(Christensen1981;
Abrahamson& l-lartnett1990;Wareeta1.1993).

Wiregrass,a perennialbunchgrass,has an average
natural density of five bunchesper squaremeter
(Clewell 1989).Leavestypically archoutwardfrom the
centerof thebunchandoverlapwithadjoiningindivid-
uals. The leavesare short-lived; 85% die within 22
monthsof formation(Parrott1967).Oncedead,leaves
remainattachedto theplant (Landers1991)anddecay
quiteslowly (Christensen1993).Living anddeadwire-
grassleaves interceptneedlesshedby the overstory
pines.Thisresultsin theaccumulationof deadbiomass
in a very flammable configuration,which reachesa
peakof 6160 to 7840 kg/hain threeto four years(Par-
rott 1967). Lightning-causedfires can spreadquickly
throughthis highly flammablefine-fuel matrix (Abra-
hamson& Hartnett1990).Thus,wiregrassis critical for
carrying frequent and evenly burning surface fires.
Thesefires regulateplant compositionandfavor those
speciesthat survive frequentfires. The longleafpine-
wiregrassecosystemis maintainedby thesefires which
inhibit theestablishmentandgrowthof competitivebut
lessfire-tolerantspecies(Clewell 1989).

Over the last 200 years humanactivities havead-
verselyaffected the longleaf pine-wiregrasscommu-
nity. Thecombinationof agriculturalandforestryoper-
ationsanddecadesof fire suppressionhavereducedthe
areaoccupiedby longleafpine to lessthan1.2 million
ha (Outcalt & Sheffield 1996). The areacontaining a
generallyintact understoryis considerablyless than
that(0.5—0.8million ha) (Noss1989).Thisunderstoryis
extremelyimportant,not only asacarrier of fire, but
also as a reservoir of biological diversity. The plant
communityis very diverseandhasmanyendemicspe-
cies thatdependonit for continuedexistence(Hardin&
White 1989).Sustainingthis uniqueecosystemrequires
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managementthatwill perpetuatetheunderstoryon ar-
easwhereit still existsandrestorationof theunderstory
on critical siteswhereit hasbeeneliminatedor severely
damaged.The reestablishmentof wiregrassis a key
part of restoringthisimportantplantcommunity.

Once eliminated from a site, wiregrass does not
readily re-invade(Clewell 1989). Although it does re-
producevegetatively,theprocessis slowandresultsin
only limited-spread.For-a-number-of -years, itwas-
widely assumedthatwiregrassdid not produceviable
seeds(Myers1990).Morerecentstudies,however,have
shown that wiregrass does produceviable seed in
quantity following growing-seasonbums(Clewell 1989;
Seamonetal. 1989;Outcalt1994).Disseminationof seed
into, andestablishmentof wiregrassseedlingson,pre-
viouslyunoccupiedsites,however,appearsto bearare
event.Therefore,reestablishmentof wiregrassinto ar-
easwhereit hasbeenextirpatedrequiresthe deliberate
introductionof seedsor seedlings.

A fundamentalquestionwhenestablishingwiregrass
seedlingsis: what plantingdensity andconfiguration
areappropriate?This will dependon subsequentsur-
vival and growth rateof wiregrassseedlings.Clewell
(1989) estimatedthat wiregrassclumpsexpandabout
20% per year within well-establishedcommunities.
Growthratesmaybe fasteron siteswith lesscompeti-
tion,but documentationis lackingfor this supposition.
Also, very little informationabout increasinggrowth
ratesthroughcultural treatmentsis available.Restora-
tion efforts to datehaveconcentratedon siteswithout
longleaf trees,wherebothwiregrassandlongleafhave
beenreintroducedsimultaneously(Stolzenburg1991).
Therefore,thereis noinformationabouthowanexisting
overstorywill affect wiregrassseedlings.The objective
of this studywasto determinewiregrasssurvival and
its growthrateswith differentcultural treatmentswhen
underplantedin longleafpinestands.

Methods

The studywas locatedon the U.S. Departmentof En-
ergy SavannahRiver Site in the west-centralSouth
Carolinaregion.This areahasanaveragegrowingsea-
sonof 285 days,anaveragewinter temperatureof 8.60C
(47.50F)andan averagesummertemperatureof 26.50C
(800F). Annual precipitationaverages1200 mm, with
abouthalf falling betweenApril andSeptember.The
SavannahRiver Site lies betweenthe fall line area,
where the Upper CoastalPlain meetsthe Piedmont,
and the SavannahRiver. It containsabout15,000ha of
droughtysandhillslandsuitablefor the longleafcom-
munity. Although the historical abundanceof wire-
grassin the areais not known,it clearlydid, andstill
does,occurthere.While this doesnot meanthatwire-
grasswasthedominantgrasson all longleafsites,past

agriculturaluseand a long-term absenceof fire very
likely reducedits abundancesignificantly.

For the study, three sites were randomlyselected
from all thelongleafpinestandson theSavannahRiver
Site with treesgreaterthan40 yearsold. All selected
longleafstandswereold field siteswherelongleafwas
establishedby directseedingin themid 1950s.Average
stocking, for treeswith diametersgreaterthan3 cm,
was-226-longleaf-pine-per-ha-and-25-oaks-perha, com-
prised of Quercuslaevis (turkey), Q. incana (bluejack),
andQ. hemisphaerica(laurel). The averagediameterwas
29.5 cm for longleaf pine and 12 cm for the oaks.
Longleafpinehadabasalareaof 10 in2 perha.Soil on
all blocks was Lakelandsand (therinic, coatedTypic
Quartzipsamment)which is predominantlysandwith
5-10% silt plus clay and1% organicmatter.Mostmid-
story oakshadbeenremovedby handfelling in 1991,
followed by prescribedbumingin the spring of 1992
thateliminatedmostoaksprouts.Becausethetreeden-
sitiesin thesestandswerehighuntil thinningwasbe-
gunat age30, the understorywas very sparse.Pine-
needlelitter was the most commonground coveron
sitesoneandtwo, averagingabout70%.Themostcom-
mon understory specieswere Vaccinium stamineum
with lesseramountsof V. elliotti andV. arboreum(blue-
berries)collectivelycontributing10% cover,andAndro-
pogon gerardi andA. virginicus (broomsedge)with 5%
cover. The third site hadan understorydominatedby
blueberries(50%)andpineneedles(40%).

A randomizedblock split-plot designwith three
blocks, two main plots in eachblock, and threetreat-
mentsub-plotspermainplot wasused.An 80 X 120—in
block was establishedin each of the three selected
longleafstands.Eachblock wasthendivided into two
40 X 120—rnmain plots, with oneassignedto receivea
fertilizer treatment.The main plots were further sec-
tionedintothree40 X 40—rnsub-plotstomeasuretheef-
fectsof differentmethodsof sitepreparation.Eachsub-
plot hada20 x 20-rn centraltreatmentareaand10-in
buffer strips.Site preparationtreatmentsconsistedof
mechanicalcultivation,herbicideapplication,or ano-
treatmentcontrolrandomlyassignedto onesub-plotin
eachmain plot. In early April 1993 agardentiller was
usedto cultivate 1-in-widestripsspaced2 m on center
to a depthof 20 cm. Herbicidesub-plotsreceiveda 3 ml
dose of 25% active ingredienthexazinoneliquid ap-
plied with a backpacksprayeranda calibratedspotgun
oneweek after wiregrassseedlingshadbeenplanted.
Hexazinonewassprayedin spotsspaced2 in apartbe-
tweenrows of wiregrassplantsatan applicationrateof
2.2 kg active ingredientper ha. When applied in this
spot-gridpattern,hexazinoneselectivelytargetswoody
species(Brockwayet al. 1998).

Thewiregrassseedcamefrom theCarolinaSandhills
National Wildlife Refuge,which is located160 km to
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the northeastof thestudysitenearMcBee,SouthCaro-
lina. During December,1992 National ForestSystem
personnelhandcollectedwiregrassseedsacrossa40-ha
site burnedthe previousMay. A contractorgrew the
seedlingsin agreenhousenearAiken, SouthCarolina.
Between10 and20 wiregrassseedswith a meanviabil-
ity of 15% weresownin a standardpotting mixture of
peatandvermiculite.The square,taperedplastic con-
tainersusedwere57 ~57iiiiW&n top,35~35 mm on
thebottom,and75 mmhigh. Seedlingswerekeptin the
greenhousefor abouttwomonthsfollowing completion
of germinationaround1 March.In lateApril 1993,100
wiregrassplugs werehandplantedin eachtreatment
sub-plotat 2 X 2—in spacingarrangedas10 rows with
10 seedlingseach.All plugs were wateredfollowing
planting. Seedlingsbegan with an averageof eight
leavesperplugandwere4 cmtall oneweekafterplant-
ing. Wiregrassplantson onemain plot in eachof the
threeblockswerefertilized atthe beginningof the sec-
ond growing season(May 1994). A 30 X 30-cm area
aroundeachwiregrassplant was fertilized at a rateof
175 kg per ha with a 16-4-8 mixture containing3.8%
slow-releasenitrogen. During the first week of June
1995,plots thathadbeentreatedwith hexazinonewere
prescribedburnedusingstrip headfires.

Oneweek after planting, the numberof leavesand
lengthof longestleavesweredeterminedfor eachwire-
grass plug. The wiregrassseedlingswere measured
againatonemonthandthenattheendof eachgrowing
seasonthereafter.Basal diameterswere measuredat
two points perpendicularto eachotherat the ground
lineof eachgrassclumpwith a caliper.Averagediame-
terwasusedto calculatebasalarea.The dimensionsof
wiregrassleaf-spreadwereusedto calculateareacov-
ered.Datafor eachyearwereanalyzedseparatelywith
analysesof covarianceusing initial measurementsas
the covariant.NCSS,astatisticalsoftwarepackage,was
usedfor the analyses(Hintze 1995). Significant differ-
encesbetweenpredeterminedmeanswere calculated
using Fisher’s least significant difference measure,
whenthe covariantanalysesyieldeda significantF sta-
tistic. Attheendofthefourthgrowingseason,thedom-

Table 1. Survival (%) of underplanted wiregrass by site

preparation treatment at Savannah River Site, South Carolina.

Growing Season

Treatment I Month First Second Third Fourth

Control 630*
59b 57b 56b

Hexazinone 54a 440 430 39a
Cultivation 64a 6Ob

56b

380

Lettersdenotesignificantdifferencesbetweenmeansin thesamecolumnatthe
0.05 level (power= 0.69at a 0.05)basedon asignificantF andFisher’sleast
significantdifference.

inant ground coveraround eachplantingspot wasre-
corded.The effectof competingvegetationon wiregrass
survival wasassessedusinggroundcoverdata in con-
tingencytablesandthechi-squarestatistic.

Result

SurvivaL

Mortality of newly plantedwiregrassplugs occurred
veryquickly with a40%lossafteronemonth(Table1).
Wiregrassseedlingshadverylittle additionalmortality,
however,duringtheremainderof thefirstgrowingsea-
son,excepton plotstreatedwith hexazinone.Thisaddi-
tional mortality resultedin significantly lower survival
thanunderthe othertreatmentregimes.Cultivationdid
not significantly improvefirst-yearsurvival compared
to untreatedcontrol plots. A few wiregrassplantsdied
duringthesecondgrowingseasonbut survivalwasrel-
ativelyconstantoncontrolandcultivatedplots through
four growing seasons.Survival declined slightly fol-
lowing prescribedburning in June 1995. Although it
washigheston cultivatedplots afterfourgrowingsea-
sons,survival did not differ significantlyfrom thecon-
trol (power 0.69 ata = 0.05).Competitionfromblue-
berriesdecreasedwiregrasssurvivalwhile survivalwas
higher on spots dominatedby pine straw (Table 2).
Thesedifferencesweresignificantfor eachsite prepara-
tion treatmenttestedseparatelyandfor all treatments
combined.

Leaf Growth

On the non-fertilized control plots, wiregrassplants
hada linear increasein maximum leaf length during
the first threegrowing seasons(Fig. 1), then slowed
slightly betweenthe third andfourth growingseason,
peakingat around50 cm. A very significantcovariant
in all dataanalysesshowedthat initial leaf length af-
fectedsubsequentgrowth of wiregrassplugs. Maxi-
mum leaf lengthof wiregrassat theendof eachgrow-
ing seasonwas positively relatedto leaf length at

Table 2. Dominantvegetationaroundwiregrassplanting
spotsafter fourthgrowingseasonaspercentof totalspotsin
thatclass.

DominantVegetation All PlantingSpots
Planting Spotswith

Live Wiregrass

Grass 70* 70

Oaks 35 30

Blueberries 15’
PineStraw

Lettersdenotesignificantdifferencesbetweenmeansin thesamecolumnatthe
0.05levelasdeterminedby contingencytablesandchi-squaretests.
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1. Growthcurvefor leavesof wiregrass,underplanted
w~crioutsitepreparationin longleafpinestandsatSavannah
River Site,SouthCarolina.

outplanting.This is illustratedby the increasingtrend
in leaf length at the endof the fourthgrowingseason
for seedlingswith longerleavesatplanting(Fig. 2).The
combinationof cultivation andfertilizer increasedfinal
leaf lengthof all seedlings,but thegeneralrelationship
of seedlingswith longer leaves at planting yielding
longerleavesafterfour seasonswasstill true.

Neitherhexazinoneapplicationnor cultivation af-
fectedmaximumleaf length duringthe first growing
season(Fig. 3). Fertilizerapplicationatthebeginningof
the secondgrowingseasonsignificantly increasedleaf
growthacrossall treatments.Therewasastronginter-
~.. ~tionbetweentreatmentandfertilizer with thegreat-
est gains in total leaf length occurring on cultivated
plots that were fertilized. Prescribedburning of the
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Figure2. Relationshipof initial wiregrassleaflengthto maxi-
mumleaflengthafter fourgrowingseasons.

hexazinoneplots at thebeginningof thethird growing
seasonreducedmaximumleaflengththatyear.Thefer-
tilizer effect continued into the third growing season
when leaf length was significantly higher, especially
wherefertilizationhadbeencombinedwithcultivation.
During the fourth growing season,maximum leaf
lengthremainedstaticon thepreviouslyfertilizedcon-
trol andcultivatedplots, while it continuedto increase
on otherplots.

BasalAreaGrowth

Site preparationtreatmentshadno effect on wiregrass
basalareagrowth thefirst season(Fig. 4). Fertilization
atthe beginningof the secondgrowingseasonsignifi-
cantly increasedbasalareagrowth on all treatments.
This wasfollowed, however,by a yearof lower growth
on fertilizedplots andbetterwiregrassbasalareagrowth
on the non-fertilizedplots.Thereappearstohavebeena
slight loss in basalareaowingto theprescribedburning
of hexazinoneplots,butit wasnot significant.Wiregrass
plantshadequalbasalareagrowthon all treatmentand
fertilizer combinationsover the fourth growing season,
exceptwherecultivationandfertilizationhadbeencorn-
bined.On theseplots, meanwiregrassbasalareadou-
bledduringthefourth growingseason.

Faliar Cover

Fertilizer applicationin the secondgrowingseasonin-
creasedwiregrassfoliar cover (i.e., theareacoveredby
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on asignificantF andFisher’sleastsignificantdifference.
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Figure4. Basalareagrowthoverfourgrowingseasons,by
treatmentfor underplantedwiregrassin longleafpinestands
at theSavannahRiverSite,SouthCarolina.Lettersabove
treatmentsdenotesignificantdifferencesin basalareaafter
four growingseasonsat0.05-levelbasedon significantF and
Fisher’sleastsignificantdifference.

thespreadingleavesof the plant; Table 3). As before,
plantson cultivated plots benefitedthe most—nearly
doublingin size—comparedto unfertilizedplants.Pre-
scribedburningatthebeginningof thethirdseasonsig-
nificantly reducedwiregrassfoliar coveron the hexazi-
noneplots. Thefertilizereffectwasstill evidentthe third
growing seasonon the cultivated treatments,where
plantsremainednearlytwiceaslargeas on otherplots.
Foliar covervalueschangedlittle overthefourthgrow-
mg seasonexcept on previously burned hexazinone
plots,which regainedcoverthathadbeenlostto fire.

Discussion

Survival

Wiregrassseedlingmortality during the month follow-
ing plantingwasratherhigh on all plots. Uridel (1994)
alsoreportedthegreatestmortalityoccurredduringthe
first threeweeks following outplanting.Lack of soil

Table 3. Wiregrass foliar cover (cm2) by time and treatment
when underplanted in existing longleaf pine stands at
Savannah River Site, South Carolina.

Growing Season

Treatment Second Third Fourth

Control 860a* 354Qc 3850’~
Hexazinone 840” 2260” 3540”
Cultivation 8(YJ”

2870b 3600”
Control + Fertilizer 1130b 3655’ 3890”
Hexazinone + Fertilizer 2185~ 3410”
Cultivation + Fertilizer 1650C

Lettersdenotesignificantdifferencesbetweenmeansin thesamecohnnnat
the0.05 level(power= 0.999at a = 0.05)basedon asignificantF andFisher’s
leastsignificantdifference.

moisturelikely causedmuchof the early mortality in
our study. South Carolina experienced a 100-year
droughtin 1993 with only traceamountsof rainfall re-
ceivedin April attheSavannahRiverSite.For theentire
growing season,rainfall acrossthe site averagedonly
225 mm,abouthalf thenormalamount.Also, mortality
was especially high—averagingnearly 70

0/o—across
block three.Theblock wasthehighestin elevationand
the mostxenc~ffhe sites,with only a very sparselitter
layerto conservesoilmoisture.Kindell (1994)alsoindi-
catedwiregrassseedlingsurvival was dependenton
rainiaXX and~oiXmoisture.Another i~vtox c~ting
tomortalitywasthesize andageof thewiregrassplugs.
The plugs wereonly 2—3 monthsold whenoutplanted
and many were rather small. Mortality rate for the
smallestwiregrassplants (i.e., thoseplugswith fewer
thanfive leaf bladesat the time of planting)wasover
70% whereaslarger plugs hadmortality ratesunder
15%.

Thelower survival on plotstreatedwith hexazinone
mayhaveresultedfrom the treatment,but this seems
unlikely. Thehexazinonewasappliedin spotsbetween
wiregrassplugsoneweekafterseedlingswereplanted.
With the low rainfall, it is highiy unlikely thatenough
herbicideto causemortality couldhavereachedwire-
grassplants.The lower survivalwaslargely causedby
veryhighmortalityon oneplot inblock three.That plot
had very little longleaf overstory, and blueberries,
whichhadan averagecoverfor the entireblockof 50%
dominated89%of the plantingspots.The lack of over-
story shadeand interspecificcompetitionfor soilmois-
turelikely contributedto thepoorsurvival. In addition,
the plot wasplantedlast andreceiveda largenumber
of very small wiregrassplants. The combinationof
thesefactorsresultedin amortality rateof 940/o.

The fact thatmanywiregrassseedlingswereable to
surviveoutplantingduringa 100-yeardroughtattests
to thetenacityof thisspecies.Survivalwasover60%on
all areasexceptfor block three,the driestsite where
blueberrycoverwashigh. Thus,wiregrasscanbe suc-
cessfully establishedby planting containerizedplugs
undera moderate-to-lowdensityoverstory.Seamonet
al. (1989)recommendusingseedlings1—2yearsold when
planting open areas.Thismaynot be necessarywhen
underplantingwiregrass,but in view of the relation-
ship betweensizeandsurvival,plantingseedlingsthat
aresix ratherthantwo monthsold seemsappropriate.
Becauseseedlingsgrown in larger containersseemto
survivebetteronharshsites(Duever1989),largerplugs
shouldalsobeconsideredfor verydrysandyareas.

Leaf Growth

The relationshipbetweeninitial leaf length and final
seedlingsize resultedfrom the lower averagegrowth
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rates for thosesmaller-than-averagewiregrassplugs
thatdid survive. Thus, culling small wiregrassplants
beforeplantingwould likely improvegrowth rates.If a
maximumleaf lengthof 50 cmafter four growingsea-
sonsis desired,thenseedlingsbelow6 cm at planting
time shouldnot beused.It appearsthatcultivation and
fertilizer combinedstimulatedgrowth enoughso that
even very small seedlingswith leaves 1.5 cm long
reached50 cm in length aft~t1~urs~~iiis7However,
this treatmentdid not improvesurvival of smallseed-
lings and,therefore,it would still be beneficialto cull
smallseedlingsbeforeplanting.

Eventhoughprecipitationwasfar belownormal,av-
erageleafgrowthof thewiregrasswasfair. Plantswith
leaves4 cmlongat onemonthhadleaves18 cm longat
theendof the first growingseason.This is only about
half the totalheightreportedby Uridel (1994) for wire-
grassafter oneseasonwhenplantedin plowedstrips.
However, the wiregrassplantsusedin his studywere
much largertransplantsthathadbeengatheredfrom
natural populations. The larger 2-year-old seedlings
within prescribed-bumareasfollowed morecloselythe
growthpatternof thetransplantsusedby Uridel (1994),
which hadbeenclippedprior to planting. Fire in our
studyset leaf lengthbackto nearlyzero,but the’wire-
grass recoveredquickly and in a single seasonhad
grown backto pre-burnaveragelength.The following
season,leaf growthresumed,following a patternsimi-
lar tounburnedplants.

Where containerizedwiregrassseedlingsproduced
from seedare outplantedand no fertilizer is added,
maximumleaf length-canbe expectedto increaselin-
earlyfor the first threeyears.It will slow slightly be-
tween thethird andfourth growingseason,peakingat
around50 cm on dry sandysites.Fertilizationafteres-
tablishmentspeedsup the growth rate, causingwire-
grassto reachmaximum leaf length a year sooner.
However, such fertilization doesnot significantly in-
creasemaximumlength.

Site Preparation

Herbicideapplicationhasbeenshownto increasesur-
vival andgrowth of wiregrassplantedin Paspalumno-
tatumn (bahia grass) pastures(Uridel 1994). In our
study,however,wiregrassunderplantedinto longleaf
pine standsdid not benefit from hexazinoneapplica-
tion. Much of the woody competition had beenre-
movedpriorto studyinstallationby handfe]ling andpre-
scribed burning. What woody competitionremained
consistedmostlyof blueberries,which arevery tolerant
of hexazinone(Wilkins et al. 1993). To be effective,
hexazinonemustbe transportedinto theplant via wa-
ter uptake.Becausetherewasnot enoughprecipitation
during thedry springandearlysummerto transportit

into the plants, hexazinonewas largely ineffective in
controllingtheremainingwoodyspecies.Thus,thelack
of responseto hexazinoneis attributedto low suscepti-
bility of blueberriesandalack of precipitation.

Uridel (1994) foundcultivation effectivein reducing
competitionfrombahiagrassandincreasinggrowthof
plantedwiregrass.Thelackof asignificantresponseto
cultivation on our siteswas likely the resultof a low
1~ity6fh~baceousvegeiaiinn7Although-grassesand
forbs were presenton all studysites, therewasnot a
continuous,establishedlayer as is found in old pas-
tures.Becausethe40-year-oldstandsusedfor thestudy
hada fairly denseoverstory for the first 30 yearsfol-
lowing establishment,herbaceouscoveronly dominated
7% of the planting spots after four growing seasons,
whereaspine needlelitter dominated64%. However,
cultivation was very beneficial when combinedwith
fertilization.Althoughfertilization increasedleaf length,
basalarea,andfoliarcoverof wiregrassoncontrolplots,
theeffect lastedonlyoneyear.Whencombinedwithcul-
tivation,however,thefertilizereffectcontinuedinto later
growingseasons.Combiningthesetreatmentsresulted
in a doublingof basalarea,threegrowingseasonsafter
fertilization. Thiswasprobablythe resultof fewer tree
rootsin cultivatedstrips,whichallowedwiregrassplants
tocaptureadditionalnutrients.Cautionshouldbeusedon
siteswith morewell-developedgroundcover,because
fertilization mayalso stimulatecompetingvegetation,
therebyreducingsurvivalandgrowthof wiregrassplants.

Prescribed Burning

Becausehexazinonewasnot effectivein reducingcom-
petition anddid not influencegrowth comparedto the
control,it provideduswith theopportunity to explore
the effect of prescribedburning on young wiregrass
seedlings.This is basedon the assumptionthat all ef-
fectsfollowing prescribedburningweredueto the fire
and not some carryover from the hexazinonetreat-
ments.It is well establishedthatgrowing-seasonfires
stimulatefloweringandseedproductionby mature,es-
tablishedwiregrassplants(Clewell 1989; Seamonet al.
1989;Outcalt1994).A few plantsin this studyproduced
flowersduringthe secondgrowingseason.During the
third growing season,16% of the wiregrasson plots
thatwereburnedthatJuneproducedseed,but lessthan
1% of plants on unburnedplots flowered.Thus,even
relativelysmallwiregrassseedlingswill respondto burn-
ing with increasedseedproduction.Most plants,how-
ever,hadfewer thanfive seedstalksand lessthan20
seedsperstalk.Although17% of theseedstestedasvia-
ble, the probabilityof significantlyincreasingthepopu-
lation from thesefew seedswouldbe small.After four
growingseasons,the seedproducedhasnot resultedin
anynewwiregrassseedlingsonanyof theplots.
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--Figure-5~wiregrassseedling
oneweekafterplanting(inset
withcameralenscover)and
after fourgrowingseasons
(with meterstick)on culti-
vatedandfertilized treatment.

Moore et al. (1982) reportedthat fire can alsostimu-
latevegetativegrowth of maturewiregrassplantsand
increasetotal abovegroundbiomass.In our study,pre-
scribedburningattheonsetof thethird growingseason
killed someof the smallerwiregrassplantsandcaused
a reductionin maximumleaf length amongthesurvi-
vors.Thus,until wiregrassis well establishedin four or
five years,prescribedburningis unnecessaryunlessre-

quired for control of woodyplantcompetition.In such
cases,wiregrassplantsas youngas two yearsold will
likely survivetheburn.

Basal Area Growth

Mature wiregrassplants are reportedto have mean
basaldiametersof 23 cm anda basalareaof 415cm2on

Figure6. wiregrassbunches
fourgrowingseasonsafter
plantingunderlongleafpine
on acultivatedandfertilized
areaattheSavannahRiver
Site, SouthCarolina.
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dry sandysites (Outca]t1994). After four growingsea-
sons,wiregrasson non-fertilizedcontrolplotsaveraged
7.4 cm in diameterand had abasalarea of 43 cm2,
whereason cultivatedandfertilized plots, the average
diameterwas 10 cm andthe basalarea83 ~2• Thus,
wiregrassplantshadattaineda basalareaequalto 10
and20% of expectedmaturesize on control andculti-
vated plus fertilized plots, respectively,in just_four
growing seasons.CIewe1ETi%9Y~fimatecFwfregrass
hadabasaldiametergrowthrateof 20% peryear,and
that it would take 15 yearsto reachmaturesize.Wire-
grassbasaldiametergrowth on the control plots aver-
aged40% per year,whereason cultivated plus fertil-
ized plots it averaged 55%. If this growth rate
continues,wiregrasson cultivated and fertilized plots
will reachmaturesize in six years.Evenon non-fertil-
ized control plots it will takeonly eight yearsto reach
maturesize.Thus,whenwiregrassis underplantedinto
areaswithouta lot of competition,its growthratescan
be muchhigher thanpreviouslyreportedfor wiregrass
growingon siteswith a well-establishedandcompeti-
tive understorylayer.

Foliar Cover

Thereal measureof successin reestablishingwiregrass
is foliar cover. One of the critical rolesof wiregrassin
the ecosystemis its influence on fire. This requires
enoughwiregrasscover to provide fuel, to intercept
falling pine needles,and to promotefire spreadbe-
tweenwiregrassbunches.After four growingseasons,
the meanfoliar cover on non-fertilizedcontrol plots
wasabout3850cm2,or nearly10%of thesurfaceareaof
the4-in2 planting site. Onthe cultivatedplus fertilized
plots whereplantswerelargest(Fig. 5), wiregrassstill
only covered14%of thearea(Fig. 6). If, however,plant-
ing had beendone on 1-in centers,wiregrasswould
havecovered20% of the control and35% of cultivated
plus fertilized plots. In addition, with I m between
plantsanda leaf lengthof 0.5 in, theleavesof adjoining
plantswouldbe touching.Onthecultivatedplusfertil-
izedplots, thelevelof coverandcontinuity of wiregrass
leaveswould be sufficient to promoteevenlyburning
surfacefires. Thus,planting wiregrassplugs on culti-
vatedstripsat 1 X 1-in spacing,combinedwith fertili-
zationduringthe secondgrowingseason,shouldpro-
videenoughcover after4—5 yearsto sustaindesirable
fire characteristics.Although it may take 2—3 years
longer to reachcomparablecoverlevels on unfertilized
plots,thiswouldstill beareasonabletimespanfor rees-
tablishingwiregrassasa significantunderstorycompo-
nent of longleafpine communities.The possiblead-
verseeffectsandcostsof fertilizeradditionsmakethese
treatmentsabetterchoiceformanysites.Theadditional
fuels provided by naturallydisseminatedgrassesand

forbscanalsoreducethe timeneededto achievedesir-
ableburningconditions.
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